A new enzymatic method for rapid direct measurement of serum tyrosine is described, based on the amperometric measurement of the rate of oxygen consumption when tyrosine is oxidized in the presence of the enzyme tyrosinase in a phosphate buffer (0.1 mol/liter, pH 7.4). A Beckman Glucose Analyzer with a Clark electrode is used for the measurement. The procedure does not require removal of serum protein, incubation nor extraction, and results are obtained in less than 1 mm. Results agree closely with those obtained by a fluorometric procedure and with an amino acid analyzer.
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The clinical significance of serum tyrosineassayin determiningwhether an elevatedphenylalanine level is ipdicative of phenylketonuriaor ismerely a transient elevation because of high protein intake is well known (1) (2) (3) . Tyrosine concentrations are normal or below normal in the former condition but abnormally high in the latter. Plasma tyrosine concentrations may also relate to thyroid diseases (4) (5) (6) (7) . Recently, Langness et al. (8) demonstrated a relationship between plasma tyrosine concentration and thyroid function.
Several methods have been developed for measuring tyrosine in blood (9, 10) ; the current one of choice is fluorometry (11) . Although thismethod has been modified by several workers (12) (13) (14) , itstill generally involves removal of protein from the blood samples, incubation with 1-nitroso-2-naphthol reagent, and extraction with 1,2-dichloroethane. The Ambrose modification(10) does not requireextraction, but the incubationstepislonger and more involved.
These difficulties indicate the need for a more direct and faster assay technique. Electrochemical techniques offer a solution. Guilbault and Shu (15) used the enzyme, tyrosine decarboxylase, coupled to a carbon dioxide-sensing electrode to potentiometri-callydetermine tyrosine, but the electrode response was reported to be slow and the method was not applied to blood samples. The enzymatic method proposed here is based on the amperometric measurement of the rate of oxygen consumption with a Clark electrode in the presence of the enzyme, polyphenol oxidase (tyrosinase; EC 1.14.18.1), which catalyzes the oxidationofL-tyrosine to L-dopaquinone (16) .
The principleof the measurement isthe same as describedby Kadish etal . (17) forglucosedetermination. The procedure for blood does not involve deproteinization, incubation, or extraction. The only reagent required is the enzyme, tyrosinase, in a phosphate buffer. The method is sensitive, direct, rapid (requires less than 1 mm), inexpensive, and requires only small samples (10-50 sl). The results agree well with those obtained either by the modified fluorometric method of Williams and Besser (7) or with an amino acid analyzer. mg) and varies from one batch to another. The activity can be estimated by the method described in the Worthington Enzyme Manual (18) or, alternatively, by amperometry as describedbelow.The lyophilized preparation is stablefor 6 to 12 months when refrigerated. The solution is less stable, its activity decreasing within 1 to 2 days, resulting in smaller signals-although the reagent can still be used, particularly for higher tyrosine concentrations, it is desirable to prepare a fresh solution daily (see below).
Materials and Methods

Apparatus
Beckman Glucose
Stock standard. Dissolve 2.5 g of L-tyrosine (Aldrich Chemical Co., Milwaukee, Wis. 53233) in 100 ml of 0.1 mol/ilter hydrochloric acid and store in the refrigerator. Each working day, dilute this stock with distilled water to obtain working standards containing 10 to 250 ig of tyrosine per milliliter.
Procedure
Approximation
of tyrosinase activity. Place 1.0 ml of the phosphate buffer containing a measured amount of tyrosinase (about 3 mg) in the cell of the Analyzer. Let the oxygen in the solution come to equilibrium with atmospheric oxygen. Inject 10 il of about 20 mg/mI tyrosine standard and record consumption of oxygen vs. time ( Figure 1 ). The difference between the initial and final plateau corresponds to the amount of tyrosine oxidized. Assuming 100% oxidation of tyrosine, the rate of oxidation of tyrosine (in Mmol/min) can be calculated from the straight portion of the curve. This corresponds to tyrosinase activity in U/total mg of tyrosinase added.
Tyrosine determination. Place 1.0 ml of tyrosinase reagent in the cell and allow the dissolved oxygen to come to equilibrium with atmospheric oxygen. (This requires only a few seconds if the solution is previously aerated.)
With a Sherwood pipet, inject a suitable volume of sample (10 to 50 tl) of tyrosine standard or serum and record rate of oxygen consumption vs. time. The peak (i.e., the maximum rate) is obtained within 20-30 s after the sample isinjected and is directly proportional to the tyrosine concentration in the sample.
Results and Discussion
Analytical Variables
Electrode response.
The response of the oxygen membrane electrode changes from day to day and it is necessary to recharge the ele#{232}trode according to the supplier's directions. The signal also varies from one electrode to another, depending on the surface area of the platinum tip. The signal can be increased significantly by working at full "Air Adjust" control and maximum "Sensitivity" of the Beckman Glucose Analyzer (Figures 2 and 3) .
Effect of pH. . However, it appears that the choice of the pH was primarily aimed at minimizing the time lag between the addition of tyrosine to the buffered tyrosinase and the beginning of the oxidation of tyrosine (22), which is not necessarily the optimum pH for the maximum rate of oxidation. This "induction period" is prolonged outside a pH range of about 6-7 and also at high initial tyrosine concentrations (21) . Because the present determination involves small tyrosine concentrations (a few micrograms per milliliter in the measurement cell) the inductionperiodisshort(2-3s)atthe work- Effect of tyrosinase activity. Figure 5 shows the effect of change of tyrosinase activity in phosphate buffer (pH 7.4) on the initial rate of reaction. The rate tends to level off at higher enzyme activity. It is desirable to use larger amounts of tyrosinase in order to increase the signal-to-noise ratio, particularly at low tyrosine concentrations, and to make the signal less dependent on tyrosinase activity.
Calibration. Figure  6 shows recorded signals
vs. time) for aqueous tyrosine standards. The peak heights were measured from the middle of the oscillations recorded before adding the sample. The peak values give the maximum rate of oxygen consumption and are directly proportional to the tyrosine concentrations.
With 50-zl samples, signals were recorded at two different recorder sensitivities: 1 V full scale for tyrosine concentrations between 10 and 40 g/ml and 10 V full scale between 40 and 250 ig/ml. Results could not be directly read out on the Beckman Glucose Analyzer as it is presently designed, with normal tyrosine concentrations. This is because the amplification and peak-picking circuits in the instrument are primarily designed for the The calibration curve ( Figure 7 ) is linear from 0 to 250 ,iglml (0 to about 12 gIml in the measurement cell). This gives a wider working range as compared to the fluorometric method (7) , for which the curve is linear only to 60 gIml. The working range can be extended evc. further by decreasing the sample volume from 50 ,tl o 10 gil. Precision. A coefficient of variation of ±2.74% was calculated for20 determinationsof a 25 jzg/mlaqueous sample of tyrosine.
Recovery. Table 1 shows the recovery of known concentrations of tyrosine added to pooled serum and analyzed by our procedure. Recovery was within ±2 SD of 100% with an average relative error of 3.4% in the range of 5 to 250 ig of tyrosine per milliliter. 
Interference and specificity.
Tyrosinase is known to catalyze the oxidation of several monophenols and o-diphenols and substituted phenolic compounds (20) . Table 2 shows a comparison of interference by some of the more important compounds with our method and a fluorometric method (10) . Interference is reported at the specified concentration as positive or negative (inhibition) relative to tyrosine as 100. Compounds that are present in serum were studied at two times their typical concentrations (23) . None interfered with our method, whereas L-tryptophan shows slight interference in the fluorometric method (10) . Catecholamines, present in serum at only very small concentrations (23) , were studied at 10 times their normal concentrations and did not show any interference.
In phenylketonuric patients several phenolic metabolites are excreted in significant amounts in urine, but serum concentrations are insignificant (2) . These compounds (studied at concentrations equal to the tyrosine concentration)
show large positive interference, which is comparatively less in the enzymatic determination than in the fluorometric method. However, the method is not suitable for urine analysis, as is also the case with the fluorometric method (10). Three anticoagulants were studied for possible interference in plasma tyrosine determinations. Heparm solution (1000-fold initial dilution) was diluted 100-fold in the tyrosine sample. No interference was found at this concentration, nor for the other anticoagulants.
At a heparmn concentration 100-fold greater, the reaction was inhibited by 55%.
Comparison with Fluorometric Method
The present method was compared with the modified fluorometric method (7) by analyzing 11 pools of serum, two of which were supplemented with tyrosine. The average deviation fortriplicate determinations is shown ( The normal range of serum or plasma tyrosine in newborn babies is between 7.6 and 18.0 ig/ml, with a mean value of 12.6 ± 0.30 ig/ml; in adults it is between 3.9and 15.8ig/ml,with an average of 9.4 tg/ ml (24). In Table 4 the individual serum samples were taken from infants (between ages 9 months and 2% years) that were under observation for phenylketonuria.
The 3.8 zg/ml sample shows a value much below the normal range, and the 34.6 ig/ml sample shows an abnormally high value. Our method appears to be reliable at both concentrations. which indicates no significant difference between the two methods at the 90% confidence level.
Comparison with Results from an Amino Acid Analyzer
Seven individual sera were independently analyzed at the University Hospital, University of Washington, with a Beckman Amino Acid Analyzer, Model 120C, and also assayed by our method. The results are shown in Table 4 . The correlation coefficient was 0.997 and t = 1.813, which shows an excellent agreement between the two methods.
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